As part of long-term pulmonary carcinogenesis studies in dogs, it is important to analyze the incidence of spontaneous lung neoplasia. Primary lung carcinoma incidence was determined in two control populations of Beagle dogs observed for their life spans. One population comprised 216 dogs (1 12 males and 104 females) that were controls for life span studies, and another comprised 182 dogs (50 males and 132 females) that were retirees from a breeding colony. Forty lung neoplasms were noted in the 398 dogs; 35 neoplasms were carcinomas classified as papillary adenocarcinoma (20), bronchioloalveolar carcinoma (9), adenosquamous carcinoma (9, or bronchial gland carcinoma (1). The other five neoplasms were a malignant fibrous histiocytoma, three adenomas, and a fibroma. The crude incidence of lung carcinomas averaged for both populations was 8.8% (35/398) and was dominated by a relatively high incidence of lung neoplasia in aged dogs, those dying after the median life span of 13.6 years.
Knowing the incidence and types of primary lung neoplasms found in Beagle dogs is critical in determining the long-term biological effects of inhaled radionuclides; such studies have been conducted at the Inhalation Toxicology Research Institute (ITRI) over the past 30 years. The frequency of lung neoplasms in dogs is generally considered to be low, but the true incidence rate is difficult to document in pet populations. In North America and Europe, reports of lung cancer occurrence range from 0.lo/o8 to 0.9%12 for dogs that were necropsied at veterinary schools. In a survey of all types of neoplasms in the pet population of two counties in northern California, the incidence rate for lung cancer in dogs admitted to veterinary clinics was 4.2 per 10,000 dogs per year.* No data are available on the age-specific incidence in pet populations. Here, we report the age-specific and cumulative incidence of primary lung carcinoma in a population of 398 control Beagle dogs observed for their normal life spans.
Materials and Methods
The incidence data were derived from the dog colony at ITRI, Albuquerque, New Mexico, composed of purebred, unneutered Beagle dogs. The colony, initiated in 1962, was closed to the introduction of new dogs in 1965. In 1968, a generation breeding program was started to establish and maintain a stable gene pool and minimize inbreeding.' Breed-ers were replaced by generation, and no breeding was allowed between generations or between siblings or half siblings. The first generation of the breeding colony consisted of 40 female and 20 male dogs selected from the founding dogs.
Two control populations were established within the colony: longevity controls for life span studies and breeder controls. The longevity control population consisted of all 216 control dogs included in life span studies of the toxicity of inhaled radionuclides conducted at ITRI and allowed to live out their normal life spans. Characteristics of the longevity controls are noted in Table 1 . Selection criteria and frequency of clinical examinations were the same among all longevity studies, although individual studies were initiated over an 18-year period.
The breeder control population was composed of 182 dogs who either were breeders or were held in reserve for breeding until they were 5 to 7 years old. It included founding dogs and dogs from the first four breeding generations. Ninetyeight of the 132 females were multiparous and the others had had no litters. After retirement, 25 of these 182 dogs were entered as controls into a life span study of dogs exposed to radionuclides when 8 to 10.5 years old but were still considered as part of the breeder control population. The remaining 157 dogs were not selected for other studies of aged animals, but were retained for life span observation. Characteristics of the breeder control population are shown in Table 2 .
The dogs were treated for all diseases that were clinically detected using standard veterinary treatments. This included the surgical excision of operable tumors. Because of the interest in neoplasms of lung, bone, and liver in radiation lon-Hahn, Muggenburg, and Griffith Vet Pathol 33: 6, 1996 gevity studies, tumors of these sites were not treated except Age-specific incidence (Yo)
Number of dogs dying with lung carcinoma in interval Number of dog years in interval with palliatives. Care and treatment guidelines were approved by the Institute Animal Care Committee.
the age-sDecific incidence of primary lung carcinomas were ware package was used for data analysis. The age-specific incidence is defined as the percentage of dogs at risk in a given age interval that die with a lung carcinoma. The incidence is calculated by the formula:
All dogs were necropsied at death or euthanasia, and all organ systems were examined. In the longevity control population, all organ systems, as well as gross lesions, were routinely sampled for histopathologic evaluation. A standard set of 17 sections was taken from the lungs as well as sections from grossly observed lung lesions. In the breeder control Relationship of neoplasia to death determined * Ninety-eight of these females whelped at least once. t Each animal was randomly selected from the female offspring of each dam or the male offspring from each sire to form the subsequent breeding generation. Not all dogs selected for breeding were actually bred, some were reserves. population, all neoplasms and major organs were sampled. A standardized seven sections were taken from the lungs as well as sections from grossly observed lung lesions. Lung tumors were generally classified according to criteria outlined in the International Histological Classijication of Tumours of Domestic Animals. I 2 Case histories and all pathological materials were scrutinized to detect possible metastatic lung neoplasms.
Results
A total of 40 primary lung neoplasms were found, 20 in longevity controls and 20 in breeder controls ( Table 3 ). The earliest occurring lung neoplasm resulted in the dog's death at 9.4 years of age. The latest occurring was found in a 17.6-year-old dog that died in renal failure.
The majority of lung neoplasms were detected by annual chest radiographs. None of the primary lung neoplasms were symptomatic until about 3 cm in diameter or larger on radiographs. Cough and changes in breathing pattern were late-occurring signs. Most neoplasms were slow growing with doubling times greater than several months. For the 24 dogs with lung neoplasms detected clinically, the median survival after detection was 313 days, with a range from 5 to 1,266 days. In 16 dogs, the lung neoplasms were small and clinically silent. Of these, 11 were found at gross necropsy and 5 on histopathology.
Thirty-five of the lung neoplasms were carcinomas; one was a malignant fibrous histiocytoma. Four benign neoplasms were found: three adenomas and a fibroma. Because of the unusual nature and rarity of the fibrous histiocytoma as a primary lung neoplasm, it was not included in the summary incidence figures or calcu-lations, nor were the benign neoplasms. Most carcinomas (20134) were papillary adenocarcinomas: nine were bronchioloalveolar carcinomas, five were adenosquamous carcinomas, and one was a bronchial gland carcinoma. The morphologic appearance of these tumor types overlapped in some cases. However, the difference in morphologic pattern may well have biologic significance. For example, expression of epidermal growth factor receptor in canine lung neoplasms, as determined by immunohistochemistry, is phenotype-dependent and predominantly seen in papillary adenocarcinomas and squamous cell carcinomas but not in bronchioloalveolar carcinoma^.^
The lung carcinomas were an important clinical disease; 19 of the 35 (54%) were judged to be the primary cause of death or euthanasia and 23/35 (66%) were detected antemortem, primarily by radiography (Table   100 rn * Crude lifetime incidence (Oh) = total number of dogs with lung carcinoma + total number dogs dead in group x 100.
f The breeder male incidence is significantly higher than the longevity male incidence and the breeder female incidence. No other group comparisons are significantly different.
3). The lung carcinomas metastasized, usually to lymph nodes and tissues of the thorax, in 14 of the 35 carcinoma cases (40%). Only 25% of the papillary adenocarcinomas metastasized; other morphologic types had higher rates of metastasis. As of 3 1 December 1995, 2 16 (1 12 males and 104 females) of 222 dogs had died or were euthanatized in the longevity control population. The cumulative survival is shown in Fig. 1 . The median survival time of the males was greater than that of the females (14.2 years versus 13.6 years); however, the survival times were not significantly different as demonstrated by the log rank test.
All 182 dogs (50 males and 132 females) in the breeder control population are dead. The cumulative survival is also shown in Fig. 1 . The median survival time for males was 13.0 years and for females was 13.5 years. These survival times were not significantly different from one another by the log rank test.
Comparisons of the survival functions among the males and females in the two control populations showed that the survival of the breeder control males was significantly less than that of the longevity control males, but survival of the breeder control females was not different than that of the longevity control females.
The crude incidence of primary lung carcinomas (number of carcinomas/number dead in population), based on the number of dogs that had lung carcinomas and the number dead as of 3 1 December 1995, is shown in Table 4 . The breeder male group had a higher incidence of primary lung carcinomas than the other three groups. Using age-specific incidence functions to compare the four groups with one another, male breeders had a significantly higher incidence than the female breeder or male longevity groups. When crude incidence for males from each colony were combined and the same was done for females, the incidence for males and females was not statistically different. This lack of sex predilection is consistent with previous reports of lung neoplasm incidence in the pet dog p~pulation.~ The age-specific incidence for lung carcinomas in each group and the relatively early onset of lung carcinomas in the breeder controls are shown in Table 5 . To illustrate the age-specific incidence of lung carcinomas, data for males and females in both control populations were combined (Fig. 2) . When the agespecific incidence functions of these four groups were compared simultaneously, they were not significantly different. The age-specific incidence markedly increased after 13 years of age and was 25%/year at 17 to 18 years of age in the combined control populations.
Discussion
The distribution of lung neoplasm types reported here is similar to those in pet dog populations at veterinary clinics. One group reported 74% adenocarcinomas and 209'0 alveolar carcinomas (bronchioloalveolar carcinomas) in 210 cases9 Another group reported 77% adenocarcinomas and 15% alveolar carcinomas in 171 cases.7 A review of 11 primary lung neoplasms in the University of Utah Beagle dog colony noted ten adenocarcinomas. 13 The crude incidence of adenomas of the lung (3/398, 0.75%) is low but higher than previously suggested. For example, one classification scheme notes that benign pulmonary tumors are "very rare"'* and another Survival function and age-specific lung carcinoma incidence in the combined longevity and breeder control populations. The age-specific incidence is the percentage of dogs at risk that die with a lung carcinoma in a given age interval. source notes that "the few descriptions of papillary adenomas in the lung of domestic animals indicate it is rare."6 The fraction of total lung tumors that are adenomas (3/40; 7.5%) is also relatively higher. Information from the veterinary medical data program indicates that 2.3% of all lung neoplasms are adenomas.lo One reason for the relatively high number of adenomas in the ITRI populations may be the large number of lung sections routinely examined and the diligence in determining the nature of all lung nodules. It should be noted, however, that of the four benign lung neoplasms (including the fibroma), three were noted initially at gross necropsy and only one was initially noted in histopathology.
The relationship between pulmonary adenomas and carcinomas in the dog is unknown. If there is a progression from adenoma to carcinoma, it must be rapid, based on the low ratio of adenomas to carcinomas.
The marked age-dependence of lung neoplasms in dogs is generally known, but has been quantified in only one publication. A report of the lung tumor incidence in the Beagle dog colony at the University of Utah shows an increased incidence with age that is similar to that reported here.I3 For example, the age- ** Only carcinomas are included. specific incidence at 13 to 16 years of age, calculated from their data, is 2.9%/year compared to 4.5%/year for the similar interval in the ITRI control populations.
A review of the data from three other large Beagle colonies shows a similar age-dependency of lung neoplasia incidence and crude incidence ( Table 6 ). In each colony there is a nearly constant increase in age-specific incidence with increased age. In all colonies the incidence increased markedly after the median survival time for that colony. The youngest dog to die with a lung carcinoma was 7.1 years old and the oldest was 18.9 years old. The crude incidence was lower in all three colonies compared with the ITRI colony but the difference was not significant (as compared by the log rank test). The comparison does emphasize the importance of survival time when comparing incidence figures among colonies.
This study indicates that the primary lung carcinoma incidence is higher in dogs than in other species used in long-term studies, with the exception of certain inbred strains of mice. For example, in three species and strains frequently used in inhalation studies, F344 rats have a lifetime incidence of about 1%, B6C3F, mice approximately 5%, and Syrian hamsters essentially OYO.~ In summary, this study shows that Beagle dogs have a relatively high incidence of primary lung carcinoma that is dominated by a high age-specific incidence late in life, after the median survival time.
